Repeated records (n = 58,295) of Bonsmara cows were used to evaluate mature cow weight (CW), using random regression animal models (RRM). Cows (n = 11,847), age two to 11 years (AY), were weighed at weaning of their calves. Data were analysed with the Restricted Maximum Likelihood (REML) procedure, using orthogonal (Legendre) polynomials on age in months (AM). The model included fixed regression on AM (range from 30 to 138 mo) and the effect of herd-measurement date concatenation. Random parts of the model were RRM coefficients for additive and permanent environmental effects, while residual effects were modelled to account for heterogeneity of variance by AY. Estimates of variances increased with cow age, though tended to be flat at older ages. Heritability estimates ranged from 0.39 to 0.47, and were comparable with estimate of 0.41 obtained using a simple repeatability model (SRM). Estimates of genetic correlations were greater than 0.82 among measures of weight at all ages. The resulting covariance functions were used to estimate breeding values of each animal along the age trajectory. Genetic trends for CW over the years showed only a slightly increasing pattern, suggesting that CW did not change much, and was similar whether SRM or RRM was used. Results suggest that selection for CW could be effective and that RRM could be useful for the National Genetic Evaluation of CW in Bonsmara cattle. However, given the complexity of the RRM, for practical purposes a SRM might be an acceptable approximation for prediction of breeding values.
Introduction
Since its inception the application of genetic principles to selective breeding of farm animals has led to significant improvements and large economic benefits to the South African Beef Cattle Industry. However, as overall growth (e.g. weaning and slaughter weight) increased over the years, both breeders and scientists have debated whether mature cow sizes have been increased to extremes. Of concern is the fact that the energy required to attain and maintain mature weight (CW) is a major cost in the beef cattle production system. Selection to reduce or to restrict CW while increasing saleable weight of calves at weaning and at slaughter requires good estimates of genetic parameters and correlations amongst weights at different ages.
The literature shows that growth of an animal to a mature age is a longitudinal process whereby an animal increases in size or weight continuously over time until reaching a plateau at maturity. Such a process can be represented by a set of size-age points describing a typical trajectory process and resulting in a set of many, highly correlated measures (Meyer, 1998a) . Several approaches have been proposed to deal with such data, from simplest repeatability models (SRM) to complex multivariate models (MTM). The SRM considers different measurements at different stages (ages) as a realization of the same genetic trait with constant variance, while all measurements of an individual are considered to be different traits with heterogeneous variances using the MTM approach. Most recently random regression models (RRM) have been proposed to analyse longitudinal data (Kirkpatrick et al. 1990; . In beef cattle the method was outlined by Varona et al. (1997) and was used by Meyer (1998a; 1999; 2000) and Arango (2002) . With the RRM approach, infinite-dimensional models are used where the phenotype of an individual is represented by a continuous function of time. The main requirement for RRM is that the time-dependent response can be expressed as a linear function of a set of covariates (Schaeffer & Dekkers, 1994) .
The primary objectives of this study were to estimate genetic parameters, breeding values and genetic trends for CW of Bonsmara cows using RRM, and to compare the results with those obtained using a SRM. With traditional methods of genetic evaluation in beef cattle, weights are corrected towards certain landmark ages, because it is impossible to measure all animals at the same age. This paper describes an analysis to South African Journal of Animal Science 2004, 34 (3) © South African Society for Animal Science 167 obtain genetic parameters using a procedure that does not require correcting phenotypic measures towards landmark ages.
Materials and Methods
Data of Bonsmara cows obtained from the South African National Beef Cattle Improvement Schemes database were used in this study. Data included records of cows measured at weaning of their calves. Preliminary analyses to test for non-genetic sources of variation on cow weight were performed using PROC MIXED in SAS (Littell et al., 1996) . Basic edits excluded cows that had less than three measurements and records of cows that were regarded as outliers. The final data included 58,295 measurements from two through 11 years of age, representing 11,847 cows, progeny of 2040 sires. Figure 1 shows the unadjusted means, least square means (LSM) and generalised least square means (GLS) for cow weights (kg) by age in month (AM).
Following the notation of Kirkpatrick et al. (1990; , the RRM model for records over time (including additive genetic and permanent environmental random effects) could be represented as follows: where y ij represent the observations; F are the fixed effects in the model; φ m (t ij ) are the covariates as a function of age with t ij , the j th age of animal i standadized to range -1 to +1, and with φ m , the m th orthogonal Legendre polynomial for n the order of fit (with φ m evaluated for t ij , there will be n coefficients for each age); b m is the m th fixed regression coefficient; α m and γ m are the m th additive genetic and permanent environmental random regression coefficients for cow i; n G and n c are orders of fit for additive genetic and permanent environmental effects; and ε ij is the temporary environmental effect or measurement error. For the present study, the RRM model included fixed quadratic regression on AM (range from 30 to 138 mo) and the contemporary group effect of herd-measurement date concatenation. Random parts of the model were RRM coefficients for additive (g) and permanent environmental (c) effects, while temporary environmental effects (e) were modelled to account for heterogeneity of variance by age in years. Kirkpatrick et al. (1990; further indicated that RRM is an extension to regular linear mixed model, but with incidence matrices (X and Z) containing coefficients other than zeros and ones. Coefficients of 1 are replaced by functions of ages at which the records are taken (i.e., φ m (t ij )). The "design" matrix of covariates (standardized ages, incorporating orthogonal polynomial coefficients) is Z for all animals, whereas Z* is the part of Z corresponding to only those cows with records. The model's first and second moments are:
where A and I are the numerator relationship matrix and an identity matrix, respectively; K G and K C are the matrices of genetic and permanent environmental (co)variances (coefficients of the covariance functions, CF), with dimensions equals to order of fit of the covariance functions (CFs) in the analysis; R is the variance of the temporary environmental effects (error term), which is a diagonal matrix allowing for different variances by age t.
Genetic evaluation with a RRM was performed in DFREML-DXMRR programs (Meyer, 1998b) . The CFs were on age of the cow expressed in months (AM) using quadratic (order three) regressions based on orthogonal (Legendre) polynomials, initially proposed by Kirkpatrick & Heckman (1989) . The matrices of coefficients K G and K C (corresponding to the additive genetic and permanent environmental functions, G and C), and of the elements of R were estimated directly from the data by REML (Meyer & Hill, 1997) as covariance matrices of the corresponding random regression coefficients and were used to estimate breeding South African Journal of Animal Science 2004, 34 (3) © South African Society for Animal Science 168 values for each animal at each age represented in the data. Additive genetic and permanent environmental random effects for RRM analyses were assumed to be uncorrelated as in the usual linear animal model (finite-dimensional) analyses.
Genetic parameters and breeding values for CW were also estimated using a SRM, assuming measurements at different ages to represent the same trait with constant variance. The model included fixed effects of herd-measurement date concatenation (i.e. contemporary group) and linear and quadratic regressions on cow age in month. Additive genetic and permanent environmental effects of the cow were included as random effects in model. Maternal genetic effects were found to be negligible and were excluded from the model. The analyses were performed with a derivative-free REML algorithm (Smith & Graser, 1986 ) using the MTDFREML programs (Boldman et al., 1995) .
Results and Discussions
The unadjusted means (mean), predicted least squares-mean (LSM, ignoring random effects) and predicted generalised least-squares mean (GLS) for cow weights (kg) by age in month are presented in Figure 1 . The predicted LSM and GLS were obtained fitting a RRM. The overall mean of weights was 507 ± 67 kg, with a range from 260 to 720 kg, and with a coefficient of variation of 13.3%. Cow weights show an increasing trend at early ages, a flat pattern at intermediate ages, and a decreasing trend at latter ages. Unadjusted weights showed seasonal fluctuations within a particular year of age. However LSM and GLS corrected for such fluctuations by adjusting for unequal subclasses and for random effects, respectively. Estimates of variance components and genetic parameters for cow weight from analysis using SRM are presented in Table 1 . In general, estimate of heritability was moderate (0.41) indicating that selection for CW could be effective. The proportion of phenotypic variance due to permanent environmental effects associated with the cow accounted for 31% of the phenotypic variance for CW. Mature cow weight is a highly repeatable trait as indicated by the magnitude of total animal variance as proportion of the total The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html Genetic parameters for CW were also estimated using RRM, allowing heterogeneity of variance by age in years (AY). Estimates of residual variances for cow weight by AY are shown in Table 2 . The results indicate that temporary environmental variances tended to increase with age and suggest that assuming that the residual variances are homogenous as in the traditional repeatability model, may result in bias in genetic evaluation, especially for younger cows. Residual variances at older ages were comparable with the estimate of residual obtained using the SRM (σ 2 e = 593). Estimates of additive genetic (co)variances showed an increasing pattern as animals aged, although they tended to flatten at later ages. Genetic variances ranged from 537 to 1162 for the range of ages, compared to the estimate of 868 obtained using SRM. Corresponding estimates of genetic correlations (Figure 2 ) exhibited a smooth surface with large values, which nearly formed a plane about unity. Genetic correlations declined as the interval between ages increased, but were over 0.82 for any pair of ages. The results agreed with those obtained by Arango (2002) who obtained estimates of genetic correlations that were greater than 0.70 amongst any pair of ages when analysing growth data from the GPE at USMARC. Meyer (1999) , however, obtained correlations that were variable as low as 0.23 between extreme ages (19 and 199 mo) when working with Hereford cows. Such discrepancies could be attributable to the order of polynomials weights of onsmara cows major advantages of RRM is that breeding values of a particular animal can be obtained at different time points (e.g., at any of the 108 months represented in the data). Figure 6 shows estimated breed l by fitting a SRM and a RRM, using 1986 as the base year. Since a RRM gives an estimated breeding value of each animal for each age in month (i.e. 108 EBVs for each animal representing 30 to 138 mo), comparable with the estimate of 0.31 using SRM. The opposite relationship between estimates of permanent environmental variance and estimates of heritability was evident over time, in that the two components tended to balance each other.
F
Estimates of heritabilities (h 2 ) and permanent environmental effects (c 2 ) for monthly B One of the ing values (EBV) for selected sires (selected to represent the widest possible range and possible reranking) throughout the age trajectory represented in this study. For example, estimated breeding values of sires indicate that daughters of one sire would be genetically heavier at 90 months of age by about 40 kg (i.e. half of the EBV of the sire), whilst another sire would reduce mature size of his daughters by about 50 kg, as compared to their contemporaries. Noteworthy is that some lines crossed, suggesting possible re-ranking of sires along the ages represented in the data. weights were assumed along the age trajectory in the present study. Over the years, from 1967 to 1997, breeding values showed a slight increasing pattern to indicate that CW did not change to a great extent. The slope of the RRM plot was about 0.15 kg genetic increment per year, and that of the SRM was about 0.10 kg increment per year. More evident from the plots is that genetic trends for CW were similar whether genetic evaluations were performed using a SRM or RRM. 
Conclusions
The results suggest that selection for CW could be effective in South African a considered as u those obtained using a SRM. Therefore, for practical purposes the SRM might be an acceptable approximation for prediction of breeding values, given the computational demands of the RRM, although the accuracy of selection would always be higher with RRM.
